Urea recycling, with urea originating from catabolism of amino acids and hepatic detoxification of ammonia, is particularly relevant for ruminant animals, in which microbial protein contributes substantially to metabolizable protein supply.
Introduction
Urea originating from catabolism of amino acids and hepatic detoxification of ammonia can enter the gastrointestinal tract in mammals for subsequent hydrolysis by bacterial urease to ammonia. In turn, ammonia provides a source of nitrogen for microbial synthesis of proteins, which can be intestinally absorbed and become available for anabolic purposes. In nonruminants, such as humans (1) (2) (3) , pigs (4) , and cats (5) , this mechanism of urea recycling is of much less importance when compared with ruminant animals, in which 30-98% of urea produced by the liver can enter the gastrointestinal tract (6) . In fact, urea recycling enables ruminants to survive when protein supplies are insufficient or inadequate (7, 8) .
In milk-fed calves, milk is usually assumed to bypass the rumen, thus providing intestinally degradable protein. When providing large quantities [48-60 g of dry matter (DM) 6 Á kg body weight (BW) 20 .75 Á d 21 ] of milk replacer (MR) to heavy (>120 kg) calves, the efficiency of use of absorbed nitrogen is generally between 35% and 40% (9) , and thus urinary urea excretion (10) and plasma urea concentrations (11) are high. In calves exclusively fed MR, urea recycling is of little importance, as evidenced by the 80% recovery of an intravenous pulse dose of [ 13 C]urea in 48-h urine (12) . It is likely that supplementation of a low-protein solid feed (SF) would provide a substrate for rumen fermentation but, at the same time, increase the demand for nitrogen in the rumen. The relatively high amount of urea in the blood circulation of milk-fed calves (10) could be directed to urea recycling, resulting in an increased microbial protein supply and consequently greater protein retention. Indeed, we recently showed that provision of low-protein SF to milk-fed calves readily improved nitrogen use in milk-fed calves of 164 kg BW with a marginal nitrogen efficiency of 77% (i.e., for each gram of nitrogen ingested from SF, 0.77 g of nitrogen was retained). Based on these data, it was hypothesized that urea recycling, with urea nitrogen originating from milk protein, allowed urea nitrogen to be used for microbial protein synthesis and consequently for whole-body protein deposition (13) . Urea transporter proteins facilitate urea entry into the gastrointestinal tract (14) by transporting urea across cell membranes (15) . Bovine urea transporter B (bUTB) has been identified in the gastrointestinal tracts of cattle (14, 16) and sheep (17) (18) (19) . Although inhibition of bUTB was shown to reduce transepithelial urea flux in isolated ruminal epithelium (14) , its exact role in the process of urea recycling, particularly in calves, is unclear. In addition, a subclass of the water channel protein family designated aquaglyceroporins (i.e., aquaglyceroporin 3, aquaglyceroporin 7, aquaglyceroporin 9, and aquaglyceroporin 10) are also able to transport urea (20) and are perhaps involved in urea recycling in ruminants (21) . Nevertheless, previous studies have produced conflicting results concerning the interrelation of diet composition, gastrointestinal entry rate (GER) of urea, plasma urea concentrations, and the potential role of urea transporters and aquaglyceroporins in ruminants (14, (16) (17) (18) (21) (22) (23) (24) (25) . A large experimental contrast in urea recycling caused by nitrogen shortage in the rumen and coinciding with a high availability of urea in the plasma could aid in clarifying these interrelations.
The aim was to quantify the contribution of urea recycling to protein gain in milk-fed calves that were provided with low-protein SF. In addition, the effect of low-protein SF intake on the transcript level of urea transporters and aquaglyceroporins was studied. We hypothesized that supplementation of low-protein SF to milk-fed calves would increase urea recycling and nitrogen retention.
Material and Methods
This study was carried out at the experimental facilities of Wageningen University, The Netherlands. All procedures complied with the Dutch law for animal experiments and the European Convention for the Protection of Vertebrate Animals Used for Experimental and Other Scientific Purposes (Council of Europe 1985 and the 86/609/EEC Directive) and were approved by Wageningen UniversityÕs Committee on Animal Care and Use. The effects of low-protein SF provision on energy and nitrogen balance are published elsewhere (13) .
Calves and treatments. Forty-eight Holstein-Friesian male calves were selected based on age, BW, uniformity, and clinical health from a commercial Dutch farm. Mean age and BW on arrival were 53 6 0.7 d and 55 6 0.3 kg, respectively. Calves arrived in one batch at the research facilities, and measurement periods were staggered, with calves divided over 4 blocks. Within blocks, calves were assigned randomly to groups of 3 calves (4 groups per block).
Within blocks, groups were assigned randomly to 1 of 4 levels of SF intake: 0, 9, 18, or 27 g DM of SF Á kg BW Table 1 . The SF consisted of 25% chopped wheat straw, 25% corn silage, and 50% concentrates on a DM basis. The MR and SF were provided in 2 equally sized meals at 0700 h and at 1600 h. Calves had free access to water.
Calves were exposed to their diet for at least 11 wk before the measurement period, when BW averaged 164 6 1.6 kg. Until the 5-d measurement period, calves were housed in groups of 3 (13 Urine and fecal samples were taken before infusion (background samples) and cumulatively for 68 h after initiation of infusion. Additionally, urine was collected directly after the collection period of 68 h, and it was confirmed that enrichment in urinary urea had returned to background concentrations. This check was not conducted for fecal enrichment after the collection period. Samples were stored at 220°C until analysis. Quantification of the nitrogen balance was done by subtracting nitrogen excretion with feces and urine, aerial NH 3 , and water that condensed on the heat exchanger from nitrogen intake with feed. Nitrogen concentrations from aerial NH 3 and water that condensed on the heat exchanger were measured per group and averaged per calf.
On day 5 of the measurement period, blood samples were taken from the right jugular vein at 230, 215, 30, 60, 90, 120, 150, 180, 240, 300, 360, 420, and 480 min relative to the morning feeding at 0700 h. Blood was immediately transferred into lithium heparin tubes (Vacutainer; Becton Dickinson) and kept on ice until plasma was harvested by means of centrifugation at 2500 3 g for 10 min. Plasma samples were stored at 220°C pending analyses.
After the end of the collection period, dietary treatments were continued until slaughter at 181 6 2.1 kg BW. Calves in the first block were killed by means of an intravenous injection of sodium pentobarbital, followed by exsanguination. Calves in subsequent blocks were killed by stunning (captive bolt pistol), followed by exsanguination. Within 10 min after exsanguination, tissue samples were cut from the ventral sac of the rumen wall (1 3 1 cm), rinsed briefly with ice-cold saline, placed in aluminum cryotubes (Hycultec), snap-frozen in liquid nitrogen, and stored at 280°C.
Because MR can enter the rumen (26, 27) we selected 12 of the 48 calves to measure the incidence of ruminal milk. Ruminal recovery of cobalt from cobalt-EDTA provided with the last MR meal was measured at slaughter, according to procedures described previously (26) . Analyses. Urinary urea was isolated by using a cation exchange resin (AG 50WX8, 200-400 mesh hydrogen form; Sigma-Aldrich) and diluted to a final concentration of 1.65 mmol/L. The eluates were analyzed according to procedures described by Sarraseca et al. (28) , with some modifications leading to monomolecular degradation of urea into N 2 . In short, eluates and standard solutions were placed in 12-mL soda glass vials (Exetainer; Labco Limited). To prepare these samples for Hoffman degradation, high-purity 5.0 helium gas was bubbled on low pressure through the samples for 20 min, and samples were frozen quickly in liquid N 2 . Bubbling lines were removed, and ends were cut off. Once the samples were frozen, 100 mL of 10% lithium hypobromite was added, and the lid was screwed on. The lithium hypobromite solution was made by slowly adding 2 mL of bromine to a 60-mL 10% (wt:wt) LiOH solution. With the Exetainer still in liquid N 2 , the septum was pierced with a 19-gauge hypodermic needle connected to a helium tank on high pressure for flushing the headspace. A second 23-gauge needle allowed the helium to exit the tube. After 3 min of flushing, this second needle was removed first to leave a positive pressure inside the Exetainer. The tube was removed from the liquid nitrogen and placed in a heating block at 65°C for 25 min to degrade urea into N 2 gas. This reaction is sensitive to the concentration of urea with more (28) . The concentration of urea used in the analysis (1.65 mmol/L) ensured suitable amounts of gas and minimized nonmonomolecular degradation of urea. The occurrence of the nonmonomolecular reaction was calculated from the increase in numbers of 15 N 14 N gas molecules when enriched urea standards were analyzed alongside the samples, as described by Sarraseca et al. (28) . The analysis of the samples started immediately after preparation. Enrichment of 15 N species in N 2 was determined according to the methods described by Marini and Attene-Ramos (29) by using continuous-flow isotope ratio mass spectrometry (Finnigan Delta V Plus; Thermo Scientific) and read as a mass: charge ratio of 28, 29, and 30 corresponding to the (30) was used to calculate urea nitrogen kinetics. Briefly, urea entry rate (UER) is calculated as the dose (e.g., priming plus infusion dose) multiplied by the enrichment of the infusate divided by the urinary enrichment minus 1. The model assumes that there are 2 fates for synthesized urea; namely, a proportion is excreted in urine [urinary urea nitrogen elimination (UUE)], and the remainder enters the gastrointestinal tract (the GER). The methodology does not allow discrimination of urea entry into various sites of the gastrointestinal tract (e.g., rumen and colon). Urea entering the gastrointestinal tract is hydrolyzed to ammonia, which can 1) return to ornithine cycle (ROC), 2) be excreted in feces [urea nitrogen to fecal excretion (UFE)], and 3) be used for anabolic purposes [urea nitrogen used for anabolism (UUA)]. 15 N]urea as the product. Excretion of urea nitrogen to feces (UFE) was quantified by the enrichment of 68-h feces. Urea nitrogen used for anabolism was estimated by subtracting ROC and UFE from GER.
Plasma urea and urinary urea concentrations were determined by using an enzymatic colorimetric Berthelot method (Human). The AUC for plasma urea concentrations was calculated. Plasma urea concentrations measured at 215 and 230 min were averaged and considered to represent the preprandial level (i.e., t = 0 min). The nitrogen content was measured in feed, feces, urine, acid solution containing aerial NH 3 , and water that condensed on the heat exchanger by using the Kjeldahl method according to International Organization for Standardization 5983 (31). Digested nitrogen was calculated by subtracting fecal nitrogen from nitrogen intake. Nitrogen digestibility was expressed as the percentage of nitrogen intake that was digested.
RNA extraction and qPCR analysis. Frozen ruminal tissues samples were ground under liquid nitrogen, and total RNA was extracted with Trizol Reagent (Life Technologies). The isolated RNA was subsequently subjected to an on-column DNase digestion to eliminate DNA contamination (NucleoSpin RNA II kit; Macherey-Nagel). RNA quality was assessed with a 2100 Bioanalyzer and RNA 6000 Nano LabChip kit (Agilent Technologies). The RNA integrity number value (mean 6 SD) was 8.4 6 0.7. Concentrations of RNA were determined by using a NanoDrop ND-1000 spectrophotometer (NanoDrop Technologies). First-strand cDNA synthesis was performed with 400 ng of total RNA per 20-mL sample reaction with Superscript III reverse transcriptase (Life technologies), deoxyribonucleotide triphosphate (Roche Diagnostics Nederland), and random hexamer primers (Roche Diagnostics Nederland) for 1 h at 50°C, according to the manufacturerÕs protocol (Life Technologies). As a control, reactions in the absence of reverse transcriptase were performed on each sample to verify the absence of genomic DNA contamination of the RNA samples, and the results were never positive. Subsequent qPCR was performed on a 7500 Fast RealTime PCR System (Applied Biosystems Deutschland) by using the SensiMix SYBR Low-ROX kit (Bioline UK). Amplification conditions consisted of 95°C for 10 min, followed by 40 cycles of 95°C for 10 s, 60°C
for 5 s, and 72°C for 5 s.
The primers used were designed with the software program Primer Express 3.0 (Applied Biosystems), and recommended primer sets that span an intron were selected. For bovine aquaglyceroporin 3 (bAQP3), bovine aquaglyceroporin 7 (bAQP7), and bUTB, primers are specified in Supplemental Table 1 . For aquaglyceroporin 10, we did not detect rumen mRNA expression using RT-PCR (primers tested are shown in Supplemental Table 2 ). Melting curve analysis and fractionation of the qPCR products on an ethidium bromide-stained agarose gel were carried out to determine primer specificity. Quantitative mRNA measurement was performed by establishing a linear calibration curve using 10-fold serial dilutions of cDNA template for corresponding genes. Amplification efficiency ranged between 91% and 100%. As internal standards, we analyzed the expression of the housekeeping genes importin 8, eukaryotic translation elongation factor 2, and b-actin. Absolute expression levels of the urea transporter genes were normalized to that of importin 8 because both NormFinder (32) and BestKeeper (33) software found this to be the most stable reference gene.
Statistical analyses. The data set included 34 successful observations: 7 SF0 calves, 10 SF9 calves, 10 SF18 calves, and 7 SF27 calves, respectively. Calves were excluded because of failure of infusion pumps or reduced catheter patency (4 calves), clinical sickness (2 calves), incomplete urine collection (4 calves), or feed refusals exceeding 20% (4 calves).
Means per treatment (as presented in Table 2 and Figure 1 ) are mathematical means with SEMs. Dependent variables were analyzed by using mixed model analysis (PROC MIXED in SAS 9.20; SAS Institute), with calf as the experimental unit, including the fixed effect of block and SF intake (expressed as g DM Á kg 20.75 Á d
21
) as a linear regression variable. Significance of the contribution of a quadratic and cubic component in the regression analysis was evaluated, but these results were omitted from the model when found to be not significant. When model residuals were not normally distributed, data were transformed (log, square root, or inverse). When data were transformed, they are presented here as nontransformed means with SEMs, and only P values were derived from the transformed data. Differences were considered significant at P < 0.05. 20 .75 (P < 0.001). Fecal nitrogen excretion was 4.5 g/d for SF0 calves and increased with SF intake (P < 0.001). Urinary nitrogen excretion was 29 g for SF0 calves and decreased with SF intake (P < 0.001). Urinary excretion of nonurea nitrogen increased (P < 0.001) with SF intake. As a result, nitrogen retention increased with SF intake (P < 0.001). Apparent total tract nitrogen digestibility decreased with SF intake (P < 0.001). However, UER, which was assumed to be equal to urea synthesis, was not affected by SF intake. UUE was estimated as 23.6 g urea nitrogen per day for SF0 calves and decreased with SF intake (20.40 6 0.052 g urea nitrogen per g DM Á kg BW 20.75 , P < 0.001). The GER was estimated as 6.8 g urea nitrogen per day for SF0 calves and increased with SF intake (0.28 6 0.09 g urea nitrogen per g DM Á kg BW 20.75 , P < 0.01). Subsequently, urea nitrogen ROC increased with SF intake (0.10 6 0.02 g urea nitrogen per g DM Á kg BW 20.75 , P < 0.001). Estimated fecal excretion (UFE) was 0.2 g urea nitrogen per day for SF0 calves and increased with SF intake (0.08 6 0.01 g urea nitrogen per g DM Á kg BW 20.75 , P < 0.001). As a net result, UUA was estimated as 5.6 g urea nitrogen per day for SF0 calves and increased with SF intake (0.10 6 0.08 g urea nitrogen per g DM Á kg BW 20.75 , P < 0.01). Ruminal recovery of cobalt, supplied as cobalt-EDTA with the final MR meal before slaughter, averaged 5.4% and was not affected (P > 0.05) by SF intake.
Results
The postprandial response of plasma urea concentrations to the various levels of SF intake was analyzed. The AUC obtained from plasma urea concentrations until 8 h after feeding averaged 1140 mmol/L Á 480 min for SF0 and decreased linearly (P < 0.001) with SF intake.
At the end of this trial, macroscopic rumen development at slaughter was scored on a 5-point scale from poor to excellent: 1, 1.5, 2, 2.5, and 3 (26) . Rumen development scores averaged 1.0 6 0.00, 1.7 6 0.23, 2.1 6 0.17, and 2.5 6 0.22 for the SF0, SF9, SF18, and SF27 groups, respectively, and increased (P < 0.05) with SF intake.
We examined the ruminal expression of bAQP3 and bAQP7, which are subtypes of the aquaglyceroporin family (34) , and the expression of bUTB, the main member of the urea transporter family, expressed in the bovine rumen at the end of the experimental period. qPCR analysis revealed that bUTB expression had a quadratic increase (P < 0.05) with SF intake (Fig. 1) . ) and represents the change in response parameter per increase of SF intake. 4 Probability if the regression coefficient b equals 0. 5 Data were transformed (square root) to obtain homogeneity of variance. 6 Data were transformed (inverse) to obtain homogeneity of variance. 7 Data were transformed (log) to obtain homogeneity of variance. bAQP3 expression increased linearly (P < 0.05) with SF intake, whereas expression of bAQP7 was low and remained unaltered.
Discussion
Quantitative importance of urea recycling. Incremental effects are hereafter consistently expressed as a net response to increasing SF intake and therefore as grams of nitrogen per g DM Á kg BW 20.75 (see also Table 2 ). Nitrogen intake increased by 0.70 g of nitrogen and nitrogen retention increased by 0.55 g of nitrogen in response to SF intake in milk-fed calves. The marginal efficiency of nitrogen retention of 76% (i.e., 0.55 g extra retained per 0.70 g extra ingested from SF), was previously reported (13) , and recycling of urea, likely originating from the deamination of amino acids originating from the MR, was suggested to be of quantitative importance. In the current study UUA explained 0.10 g of the 0.55 g of nitrogen retained. This means that 19% of extra nitrogen retained with SF intake could be explained directly by urea recycling. The response of UUA to SF was considered linear because of the absence of a significant quadratic component in this relation. However, the log transformation needed to obtain homogeneity of variance indicates that the increase in UUA was not linear, although systematic deviations from linearity were not observed ( Table 2) .
The remaining part of extra nitrogen retained (0.45 g of nitrogen) is not explained by urea recycling but rather by other factors. There are several factors of regular importance that might contribute to the observed increase in nitrogen retention with increasing SF intake. First, digestible protein intake increased with increasing SF intake. The increase in digestible protein intake with SF can be estimated by subtracting undigested nitrogen, endogenous nitrogen, and microbial nitrogen from extra ingested nitrogen. Undigested nitrogen from SF in feces was estimated by subtracting extra microbial nitrogen losses (UFE, Table 2 ) and endogenous nitrogen losses from fecal nitrogen excretion (0.39 g of nitrogen). Endogenous nitrogen losses from extra SF intake were estimated at 0.0048 g of nitrogen based on a linear relation of endogenous nitrogen with DM intake (35) . By contrast, digestible nitrogen intake from SF is estimated at 0.395 g of nitrogen. When retained with a hypothetical efficiency of 50% (36) , for example, this explains 44% of the extra nitrogen retention with increasing SF intake. This example shows that the increase in digestible protein intake is substantial and is likely to explain part of the observed increase in nitrogen retention.
Although an increase in nitrogen intake is commonly associated with an increase in UER in growing and lactating cattle (6), this response was not observed in our study. The absence of an increase in UER with nitrogen intake might indicate that direct postabsorptive use of nitrogen was increased. Potentially, digestible energy intake, amino acid intake, and nutrient synchronization contributed to the greater nitrogen retention with increasing SF intake. Digestible energy intake increased with increasing SF intake. In milk-fed calves in a similar weight range, extra protein-free energy intake increased nitrogen deposition (9) . In that study an increase of 33 kJ of protein-free DE Á kg BW 20.75 was associated with an increase of 1 g of nitrogen retained. In the current study digestible energy intake increased 11 kJ per g DM SF Á kg BW 20.75 (13) and could therefore be quantitatively important. In addition, amino acid intake can also increase nitrogen deposition in beef steers (37) . Alternatively, synchronization of nutrient supply with nutrient demand might be improved with increasing SF intake because of attenuated nutrient absorption from rumen fermentation. In milk-fed calves, increasing the feeding frequency improved nitrogen retention (38) .
Ruminal cobalt recovery (mean, 5.4%) was unaffected by SF intake and considerably lower than the range of 15-35% reported earlier (26, 27) . Therefore leakage of milk into the rumen is unlikely to explain differences in nitrogen retention between treatments. Urinary 15 N enrichment returned to background concentrations after the collection period, indicating that this period was sufficiently long, but this check was not performed for fecal enrichment, possibly resulting in overestimation of UUA (30) .
Urea recycling in meal-fed (pre)ruminants. Urea recycling has been measured successfully by using 15 N doubly labeled urea in humans (3, 34, 39, 40) , mice (41) , and cats (5) . Most studies were conducted under steady-state conditions. However, such an approach might not represent the physiologically relevant situation in meal-fed animals. In the current study, we applied a 24-h tracer infusion while calves were fed twice daily. Although plasma urea concentrations were relatively constant over the 8-h postprandial period, urea production responds to meal feedings, as demonstrated previously in milk-fed calves (38) . This probably resulted in an isotopic nonsteady state in the current study. For example, if urea recycling is more pronounced during periods of high urea production (i.e., lower plasma urea enrichment), then this might have caused us to underestimate GER and UUA in the current study. In addition, plasma urea concentrations indicated that the estimated priming and infusion dose were greater than needed.
In addition, UUA, but not GER, could have been overestimated based on urinary excretion of 15 N in other forms than urea. All 15 N not excreted in feces or in urinary urea is assumed to be retained. We observed that nonurea nitrogen excretion in urine increased with SF intake (0.17 g of nitrogen per g DM Á kg 20.75 , P < 0.01). Nonurea nitrogen in urine might include creatinine, purine derivatives, free amino acids, and free NH 3 (42) . In our study, excretion of purine derivatives potentially contributed to nonurea nitrogen excretion with increasing SF intake (43) . Because the increase in influx of nitrogen from intake was 2.5 times the increase in GER and ammonia is used less efficiently for microbial protein synthesis than degradable protein (44, 45) , we expect this effect to be of minor importance.
Plasma urea. Plasma urea concentrations averaged 1.6-2.4 mmol/L, which is in the lower range of previously reported values in adult sheep and cattle (7, 46) . A possible shortage of nitrogen in the rumen might have worsened with increasing lowprotein SF intake, which could limit rumen fermentation processes. Simultaneously, GER increased with SF intake, possibly because of a nitrogen deficit induced by the low-protein SF. However, as SF intake increased, factors, such as ruminal pH, volatile FA production, and blood flow, might also have affected GER. The AUC of postprandial plasma urea concentrations decreased with SF intake and corresponded with the increase in GER. It is possible that the potential for further increases in GER might have been limited by the urea supply from blood. Studies in sheep and cattle have shown that GER increases with increasing plasma urea concentration (46) (47) (48) . Dairy cows also had increased epithelial permeability that facilitated the transport of urea to the gastrointestinal tract in response to a lowprotein diet (49) , but the absolute amount of urea entering the gastrointestinal tract did not increase because of a decreased plasma urea concentration.
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Urea transporters. The expression of bUTB differed between calves without and calves with SF, whereas no differences were observed between SF levels. Previously, dietary nitrogen content did not affect rumen bUTB expression in adult dairy cows (21) and lambs (17) . In 12-wk-old calves, SF provision resulted in a 2-fold increase in empty rumen weight and the ratio of rumen mucosa to serosa length-a measure of the absorptive surface-compared with values seen in calves fed no SF (50) . As indicated by the observed increase in macroscopic rumen development with SF intake, we expect that the rumen absorptive surface increased in response to SF intake and likely resulted in an increased capacity to transport urea. The current study shows an increase in GER and a greater bUTB expression with increasing SF intake, although the latter is not linear when including calves not administered SF. The regulation of bUTB and its quantitative importance for urea entry into the rumen remains to be assessed in calves.
We detected rumen mRNA expression of bAQP3 and bAQP7, but not aquaglyceroporin 10, using RT-PCR. Notably, the expression of bAQP3 increased with increasing SF intake, whereas that of AQP7 remained unaltered. Similarly, Røjen et al. (21) demonstrated in lactating dairy cows that expression of bAQP3 increased with increasing dietary nitrogen concentration. The cows exposed to a high dietary nitrogen concentration also had increased arterial urea concentrations, which independently might have increased urea transport across the rumen wall. Walpole et al. (51) demonstrated, using Ussing chambers, that expression of bAQP3 and bUTB was involved in ruminal mucosal flux of urea. Hence bAQP3 might be associated with urea transport across the gastrointestinal tract in calves. The effects of plasma urea concentrations and nitrogen shortage in the rumen on both bAQP3 and bUTB expression require further study.
In conclusion, provision of low-protein SF in amounts up to 27 g DM Á kg BW 20.75 Á d 21 to milk-fed calves resulted in increased recycling of urea into the gastrointestinal tract and a high marginal efficiency (76%) of nitrogen use for growth. In addition to an increase in digested nitrogen concentrations with SF intake, capture of recycled urea by the calves explained 19% of the observed increase in nitrogen retention. Furthermore, the observed increase in nitrogen retention can be explained by increased energy supply from SF and potentially improved postabsorptive amino acid use for growth. Furthermore, the provision of SF, regardless of the particular amounts of the SF provided, increased bUTB expression in the rumen wall of milk-fed calves.
